Journal of Indian Orthodontic Society | Vol 49 | Issue 4 | Oct-Dec 2015 tool in solving stress and strain problems in the mechanics of solids and structures in engineering; also FEM has proved to be effective in simulating tooth movement and optimizing orthodontic mechanics. Hence, it offers a precise way for the investigation of the above mentioned biomechanical principles of labial and lingual orthodontics making it possible to analytically apply various force systems at any point and in any direction.
This article presents an FEM that was developed to evaluate the torque control of the maxillary incisors in lingual technique during retraction.
MateRIals and Methods
Geometric models of maxillary incisors and the first molars along with their supporting structures that is, alveolar bone and periodontal ligament were first constructed using reverse engineering technique (a computed tomography [CT] scan of the maxilla was taken as reference). CT scan of the maxilla was taken into Mimics 8.11 software (MIMICS (Materialise Interactive Medical Image Control System) software, Materialise, Belgium.). The total lengths of the maxillary central and lateral incisors were 23.5 mm and 22 mm, respectively; the crown lengths were 10.5 mm and 9 mm, respectively. [6] The periodontal ligament thickness was assumed to be 0.25 mm and was considered isotropic as in the earlier studies by Tanne et al. [7, 8] FEM of the maxilla and maxillary incisors and first molars consisting of nodes and elements was imported into ANSYS 12.1 software (ANSYS, Inc is an American Computer-aided engineering software developer headquartered in Pennsylvania USA.) for analysis [ Table 1 ]. Material properties of the teeth and the supporting structures were assigned such that the assembled model will act as natural teeth on load application [ Table 2 ]. [8] Isotropic and linearly elastic behavior was assumed for all the materials. The load and boundary conditions were applied in the solution stage, that is, solving each load case. The maxillary incisors were blocked by inserting a stainless steel wire of dimension 0.019 × 0.025 inch (0.48 mm × 0.64 mm) from the labial aspect and 0.016 × 0.022 inch (0.41 mm × 0.56 mm) from the lingual aspect [ Figure 2 ]. [9] [10] [11] The wire was at the level of the midpoints of the crowns of the maxillary incisors on the labial and lingual aspect according to the center of the brackets in labial and lingual orthodontics. [11, 12] According to Bell et al. [13] the functional occlusal plane (OP) makes a 11° (±3) angle with the Frankfort horizontal plane and the normal incisal inclination to the Frankfort horizontal plane is 109° (±7). Hence, in this study, the angle formed by the long axis of the maxillary incisor to the OP was 61° (approximately) to mimic a normal inclination. To achieve bodily movement of incisors, on the application of forces it is necessary that the resultant force should pass through the center of resistance of the incisors. [3, 14] The combined center of resistance of the maxillary incisors was 9 mm apical and 6 mm distal to the center of the labial surface of the crown of the lateral incisor according to the center of the labial brackets [ Table 3 ]. [3, 15, 16] The PF was just distal to the crown of the lateral incisor in line with the midpoints of the labial surfaces of the crowns of the maxillary incisors according to the center of the labial brackets in labial orthodontics [ Figure 2 and Table 4 ]. [15, 17] Similarly, the PF in lingual mechanics was just distal to the lateral incisor in line with the midpoints of the lingual surfaces of the crowns of the maxillary central and lateral incisors according to the center of the lingual brackets in lingual orthodontics [ Figure 3 and Table 5 ]. [4] 100 g (0.981 N) of horizontal retractive force was used to simulate retraction. The reaction of the teeth as a result of various forces acting on them was observed. The total displacement and the vector graph of displacement of the nodes of the maxillary incisors were analyzed in lingual and labial mechanics.
Results
From the labial aspect, the horizontal retractive force vector (Fh) formed angle θ = 52.22° with the resultant force (Fr) [ Figure 4 ].
A parallelogram with sides Fh and Fv was constructed.
Tan θ = Fv/Fh.
Fv (vertical intrusive force) =129 g.
Sin θ = Fv/Fr.
In labial orthodontics, the bodily displacement of central incisors was 0.313 µ. The lateral incisors were retracted by 2.68 µ [ Figure 5 ].
In the lingual technique, the angle θ was 65.82°.
Tan θ = Fv/Fh. Fv = 222.66 g (2.18 N).
Sin θ = Fv/Fr. Fr = 244 g (2.39 N).
When 100 g of horizontal retractive force was applied from the lingual aspect, the bodily displacement of the maxillary central incisors was 1.028 µ and the bodily displacement of the maxillary lateral incisors was 2.587 µ [ Figure 6 ].
dIscussIon
Retraction of the incisors represents a fundamental and critical stage in orthodontic treatment. [18] Biomechanics has an important impact on tooth movement in labial and lingual techniques. The relationship between the PF and the center of resistance is different between labial orthodontics and lingual orthodontics because of the different position of the brackets and thus different PF. As the distance between the center of resistance and PF is smaller in lingual orthodontics than in labial orthodontics, the moments of forces in lingual orthodontics are smaller (moment = force × distance). [19] Since the appliance is located on the lingual side, vectors of forces to the teeth are directed lingually to the center of rotation of each tooth, which puts labial root torque on anterior teeth. [20] As a consequence, torque is more difficult to control in lingual orthodontics.
Three-dimensional control of anterior tooth movement and correct positioning of teeth are important for function, esthetics, and stability. [17] It is an accepted fact that a true bodily movement can occur only when the line of force passes through the center of resistance of the tooth. Retraction forces are applied at the level of the brackets in most techniques. [14] To prevent tipping and to obtain parallel tooth movement, a moment in the opposite direction should be applied that has the same magnitude as the moment of the retractive force. [17, 21, 22] The studies by Gjessing introducing the PG retraction spring for maxillary incisors stated that the center of resistance of the upper incisors was located 7 mm distal and 9-10 mm gingival to the center of the lateral incisor bracket. [17] Reimann et al. did a biomechanical finite-element investigation of the position of the center of resistance of the upper incisors. The individual centers of resistance were located at 5 mm distal and 9-12 mm apical to the center of the lateral incisor brackets. [3] Hence, in this study, the combined center of resistance of the maxillary incisors was taken to be at 9 mm apical and 6 mm distal to the midpoint of the labial surface of the crown of the lateral incisor according to the center of the lateral incisor bracket. The clinician is frequently confronted with the task of moving an entire segment, for example, of the four anterior teeth. [3] Optimum forces for bodily retraction are in the range 70-120 g as given by Proffit [23] while Bennett and McLaughlin [9] suggested a method of controlled space closure with a preadjusted appliance system that gave a force of 50-150 g. The PG Universal Retraction Spring described by Gjessing uses 100 g of retractive force for the maxillary incisors. [17] Samuels et al. have recommended that the optimal force for space closure is 150 g. [24] An average of previously recommended horizontal retractive force magnitude of 100 g (0.981 N) was applied on the maxillary incisors in both labial and lingual mechanics, and vertical force vector was calculated such that the resultant of both force vectors passes through the center of resistance of maxillary incisors, thus simulating bodily retraction of incisors without loss of torque.
This study was a linear study as the elastic modulus and thickness of the periodontal ligament was considered isotropic. This was done to simplify the response of the tooth to the applied load.
With labial mechanics, the calculated vertical force vector was Fv 129 g and the resultant force was 163 g. While in lingual mechanics, the vertical force vector Fv was 222.66 g and the resultant force was 244 g.
The ratio of vertical force vector in labial to lingual mechanics that is, Fv (labial): Fv (lingual) 129:222.66 was 0.579 = 0.6. Thus, we can infer that the vertical force magnitude in lingual mechanics is almost 1.73 times the vertical force magnitude in labial mechanics for the same magnitude of horizontal retractive force.
At 61° inclination to the OP, with labial mechanics, the Fh (horizontal retractive force) and Fv (vertical intrusive force) were nearly equal to each other and the ratio of Fv to Fh was 1.3:1; while with lingual mechanics, the Fv (vertical intrusive force) was more than double of Fh (horizontal retractive force) and the ratio obtained (Fv: Fh) was 2.2:1.
Though the resultant force vector passed through the center of resistance of the maxillary incisors, the central incisors, and lateral incisors moved independently of each other in both labial and lingual mechanics in spite of being consolidated by stainless steel wire. This once again reflected the impact of individual center of resistance of the anterior teeth, and its consideration in treatment planning rather than the classical concept of the common center of resistance from the labial and lingual aspects to simulate retraction. [3] A similar study was conducted to evaluate the differences in the biomechanics of tipping movement in labial and lingual Orthodontics. According to that tipping in lIngual Orthodontics required 32.8 % less force when compared to labial Orthodontics. [25] conclusIon In this study, although differential tooth movement occurred, but • Torque loss or deepening of the bite was not observed • In labial orthodontics for effective torque control during retraction of maxillary incisors with normal inclination the vertical intrusive force (Fv) was higher as compared to the horizontal retractive force (Fh). Ratio of vertical intrusive force to horizontal retractive force was 1.29:1 • In lingual orthodontics, the Fv (vertical intrusive force) was more than double of Fh (horizontal retractive force) and the ratio obtained (Fv: Fh) was 2.2:1.
Therefore, in lingual orthodontics, it is more appropriate to reduce the magnitude of horizontal retractive force and keep the vertical intrusive force within biological limits, thus maintaining torque and achieve bodily retraction of incisors.
Loads of the same magnitude produces a translation of the maxillary incisors in labial Orthodontics but lingual crown tipping of the same teeth in lingual Orthodontics. In the lingual technique, we should increase lingual root torque, vertical intrusive force, and decrease horizontal retraction force properly to achieve the best Orthodontic results.
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